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INTRODUCTION 

I n  a d d i t i o n  t o  des ign ing  t h e  LRV f o r  va r ious  i n d i -  
v i d u a l  worst-case c o n d i t i o n s ,  it i s  necessary  t o  exercise 
t h e  des ign  a g a i n s t  a t y p i c a l  set of t r a v e r s e s  t o  e v a l u a t e  
t h e  i n t e r a c t i o n  of m u l t i p l e  f a c t o r s  under reasonably real- 
i s t i c  cond i t ions .  The t r a v e r s e s  presented  h e r e ,  t h e  r e s u l t  
of a j o i n t  e f f o r t  of W. R. Perry/MSFC, G. E .  Ulrich/USGS, and 
t h e  a u t h o r s ,  are an a t t empt  t o  m e e t  t h a t  need. 

S ince  t h e  most d e t a i l e d  topographic  and t e r r a i n  
informat ion  f o r  a reasonably rugged s i te  w a s  a v a i l a b l e  f o r  
t h e  Fra Mauro Formation, t h r e e  t r a v e r s e s  w e r e  cons t ruc t ed  
f r o m  segments a t  t h i s  s i t e .  Each t r a v e r s e  w a s  designed t o  
match t h e  t e r r a i n  and topography of one of t h r e e  s p e c i f i c  
J miss ion  s i tes--Marius  H i l l s ,  Copernicus Peaks,  and Hadley- 
Apennines--and w a s  cons t ruc t ed  o u t  of i n d i v i d u a l  segments 
s e l e c t e d  from d i s p a r a t e  areas i n  t h e  F ra  Mauro Formation. 
The combined segments f o r m  t r a v e r s e s  which are analogous t o  
s p e c i f i c  t r a v e r s e s  i n  t h e  t h r e e  J mission s i tes .  

The t r a v e r s e s  as developed provide  sampling s t a t i o n s  
These s t a t i o n s  do n o t  r e f l e c t  a r a t i o n a l  and sampling t i m e s .  

geo log ic  sampling of t h e  Fra Mauro Formation, b u t  r a t h e r  
r e p r e s e n t  t h e  sampling which would be done on t h e  analogue 
t r a v e r s e  a t  t h e  corresponding J mission s i t e .  The traverses 
are designed t o  e x e r c i s e  t h e  LRV under r e l a t i v e l y  s t r i n g e n t  
c o n d i t i o n s  somewhat i n  excess  of  t h o s e  expected on t h e  a c t u a l  
miss ions .  
t i o n a l  c o n s t r a i n t s  such as PLSS consumables l i m i t a t i o n s  o r  
emergency walkback requirements .  

N o  a t tempt  w a s  made t o  in t roduce  r ea l i s t i c  opera- 

J M I S S I O N  TERRAIN ASSESSmNT 

The t h r e e  J mission landing  si tes w e r e  s t u d i e d  i n  
o r d e r  t o  g a i n  an understanding of t h e  types  and d i s t r i b u t i o n  
Of t e r r a i n  c h a r a c t e r i s t i c  of l u n a r  roving  v e h i c l e  e x p l o r a t i o n  
si tes.  Geologic maps and photoqraphs 
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ABSTRACT 

A set of traverses was designed to permit LRV evalua- 
tion under conditions approximating those expected for the 
J missions. Three traverses, each designed to match the 
terrain and topography of one of three J mission sites-- 
Marius Hills, Copernicus Peaks, and Hadley-Apennines--were 
constructed out of individual segments selected from dis- 
parate areas in the Fra Mauro Formation. The traverse seg- 
ments were defined at the Fra Mauro Formation site because 
more detailed terrain and topological data is available for 
this site than at succeeding sites. 

The sequences of representative terrain segments 
are designed as analogues of the J mission traverses and do 
not represent a rational geologic plan of exploration for 
the Fra Mauro Formation. They also do not include many of 
the operational constraints which would normally limit tra- 
verse design. Their only purpose is to provide a basis for 
evaluating the interaction of multiple factors on LRV capa- 
bility for typical terrain and activity sequences. 

! 
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the terrain assessment. The types of terrain encountered at 
these sites were grouped into four categories--smooth mare, 
rough mare, hummocky uplands, and rough uplands--which had 
previously been established by R. J. Pike, et a1 of USGS. The 
characteristics of these four terrain types are outlined in 
References 1, 2 ,  and 3 .  The geologic units at each site and 
the equivalent terrain types determined are summarized in 
Table 1. 

BASE MAP OF THE FRA MAURO FORMATION 

A topographic photomap of a portion of the Fra Mauro 
Formation, including the Apollo 1 3  landing target, is shown 
in Figure 1. The inserted rectangle indicates the topographic 
base map, shown in Figure 2, constructed by the Mapping Sciences 
Branch of MSC and used in this study, This is the only existing 
topographic map of a lunar site which might simulate charac- 
teristic J mission landing site terrain to a sufficient degree 
of detail for LRV analysis. In order to compare the terrain 
on the Fra Mauro Formation topographic base map to character- 
istic J mission terrain types, a slope overlay for the topo- 
graphic map was prepared by George Ulrich/USGS, and is illustrated 
in Figure 3 .  

The topography illustrated in Figure 2 and the slope 
distribution shown on Figure 3 were compared to the J mission 
terrain types, and terrain equivalents for all candidate 
J mission site terrain types were devised. Table 2 indicates 
the Fra Mauro Formation slope map equivalents to the four 
broad J mission terrain types defined above. The smooth mare 
category is equivalent to map terrain 1 ( < 5 O )  in Figure 2. 
The rough mare category is composed dominantly of map terrain 1 
( < 5 O )  with portions of map terrain 2 (6-lOo),and the hummocky 
uplands category is characterized by combinations of map 
terrain 2 and 3 .  The rough uplands category is dominantly 
map terrain 3 (11-20O) with portions of map terrain 4 (>20°) 
and map terrain 2 (6-10O). Additional data on the charac- 
teristics of each terrain type, such as slope cumulative 
frequency distribution, typical crater cumulative frequency 
distribution, block size frequency distribution, and power 
spectral density terrain roughness estimates should be taken 
into consideration in LRV capability analysis, and are out- 
lined in References 1 and 3 .  

REPRESENTATIVE TRAVERSE SEGMENTS 

A series of representative traverse segments of 
varying lengths and orientations were then plotted on the 
Fra Mauro Formation topographic base map (Figure 2)  for each 
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t e r r a i n  type.  
r a t i o n a l  geologic  e x p l o r a t i o n  of t h e  Fra Mauro Formation s i te ,  
b u t  i n s t e a d  s imula t e  topographic  f e a t u r e s  and t e r r a i n  types  
seen on r e p r e s e n t a t i v e  J mission traverses. 

These t r a v e r s e  segments i n  no way r e p r e s e n t  a 

Traverse  segments w e r e  o r i e n t e d  wi th  r e s p e c t  t o  t h e  
surrounding t e r r a i n  and geographic  coord ina te s  i n  an a t tempt  
t o  approximate t h e  c h a r a c t e r i s t i c s  seen a t  J mission sites. For 
i n s t a n c e ,  t r a v e r s e  segment N o .  2 i s  o r i e n t e d  along t h e  edge of 
a topographic  prominence al though it l ies  i n  smooth m a r e  t e r r a i n .  
This  i s  analogous t o  a r e a s  a t  Marius H i l l s  where smooth mare 
t e r r a i n  w i l l  be  t r a v e r s e d  along t h e  base of  punctured cones and 
s teep-s ided  domes. 

Ind iv idua l  t r a v e r s e  segments w e r e  p l o t t e d  which 
at tempted t o  d u p l i c a t e  t e r r a i n  characterist ic of a s p e c i f i c  
s i te .  For i n s t a n c e ,  segments N o .  2 6 ,  2 7 ,  and 28 a r e  analogous 
t o  segments a t  t h e  c e n t r a l  peaks of Copernicus,  Segments 
N o .  1 9 ,  2 0 ,  and 2 3  are designed t o  s imula t e  t r a v e r s e  segments 
i n  and around Hadley R i l l e .  Segments N o .  2 1  and 2 2  s imula t e  
t h e  e l e v a t i o n  and s t e e p  s l o p e s  encountered on punctured cones 
and s i m i l a r  u n i t s  a t  t h e  Marius H i l l s  s i t e .  Other  segments 
a t tempt  t o  d u p l i c a t e  t h e  d i v e r s e  t e r r a i n  seen  a t  t h e  va r ious  
landing  sites. 

C e r t a i n  t r a v e r s e  segments c a r r y  n o t a t i o n s  t o  account  
f o r  except ions  and extreme cond i t ions  so t h a t  t h e s e  may be 
considered i n  t h e  des ign  r e f e r e n c e  t r a v e r s e s :  

1. S i n c e  t h e  type of t r a v e r s e  seen i n  segments N o .  1 
and 2 may be c a r r i e d  o u t  both on sun and shadow 
s i d e s  of topographic  prominences, these segments 
should be run wi th  t h e  sun angle  o r i e n t e d  on 
both s i d e s .  

2 .  Traverse  segment N o .  8 should be run i n  both 
d i r e c t i o n s .  

3 .  Rather  extreme topographic  and l i g h t i n g  con- 
d i t i o n s  e x i s t  a t  Hadley R i l l e .  I n  a d d i t i o n  t o  
t h e  s t e e p  s l o p e s  along t h e  r i l l e  w a l l  ( 17"), 
t h e  f l o o r  of t h e  r i l l e  i s  l i t t e r e d  wi th  l a r g e  
boulders .  Anomalous thermal  cond i t ions  may 
r e s u l t  i f  t h e  bottom of t h e  r i l l e  i s  i n  f u l l  
sun o r  f u l l  shadow, o r  i f  one side of t h e  r i l l e  
is  i n  f u l l  sun whi le  t h e  o t h e r  i s  i n  f u l l  
shadow. For t h e s e  reasons ,  t r a v e r s e  segments 
N o .  20  and 2 3  should be run under a l l  t h r e e  
l i g h t i n g  cond i t ions ,  and t h e  PSD f o r  rough 

uplands should be u t i l i z e d .  
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4 .  S ince  t h e  area i n  t h e  v i c i n i t y  of  t h e  c e n t r a l  
peaks of Copernicus i s  i n  a t  l eas t  p a r t i a l  
shadow, traverses segments No. 2 6 ,  2 7 ,  ana 28  
should be r u n i n  both f u l l  sun and f u l l  shadow. 

Sampling s t a t i o n s  w e r e  p l o t t e d  on t h e s e  t r a v e r s e  seg- 
ments a t  i n t e r v a l s  g e n e r a l l y  c o i n c i d e n t  w i th  probable  s t a t i o n  
spac ing  on e q u i v a l e n t  J mission t e r r a i n .  These s t a t i o n s  bear  
no i n t e n t i o n a l  r e l a t i o n  t o  t h e  geology of  t h e  F ra  Mauro 
Formation. 

REPRESENTATIVE ANALOGUE TRAVERSES 

I n  o r d e r  t o  combine t h e  traverse segments i n t o  rep- 
r e s e n t a t i v e  t r a v e r s e s ,  i t  w a s  necessary  f i r s t  t o  des ign  t ra -  
v e r s e s  a t  t h e  t h r e e  J miss ion  sites. One traverse p e r  s i t e ,  
each r e s u l t i n g  i n  an analogue t r a v e r s e  approximately 2 0  km 
long,  w a s  designed by j o i n i n g  p o r t i o n s  of  t h e  s c i e n t i f i c  
r e f e r e n c e  traverses f o r  t h e s e  s i tes  desc r ibed  i n  Reference 4 .  
The k rave r ses  w e r e  t hen  broken i n t o  s e c t i o n s  accord ing  t o  
t e r r a i n  types .  Matching segments f o r  each t e r r a i n  type  and 
l e n g t h  w e r e  t hen  l o c a t e d  on t h e  F r a  Mauro Formation topo- 
g raph ic  map and an analogue t r a v e r s e  w a s  cons t ruc t ed  by 
combining t h e s e  segments i n t o  sequences.  

Stop t i m e s  w e r e  then  ass igned  t o  t h e  s t a t i o n s  des iy-  
na t ed  f o r  each segment. I t  w a s  assumed t h a t  t h e  s t a t i o n s  w e r e  
a t  t h e  a c t u a l  s i t e ,  r a t h e r  t han  t h e  Fra Mauro Formation, and 
t i m e s  w e r e  chosen t o  r e p r e s e n t  t y p i c a l  a c t i v i t i e s  a t  t h e  
J mission s i te ,  They have meaning, t h u s ,  on ly  i n  t h e  J miss ion  
s i t e  c o n t e x t  and do n o t  r e f l e c t  reasonable  Fra Mauro Formation 
geo log ic  a c t i v i t i e s .  I f ,  when two segments w e r e  j o ined ,  two 
s t a t i o n s  w e r e  superimposed, t h e  t i m e  a t  t h e  second s t a t i o n  
( l a t e r  segment) w a s  a r b i t r a r i l y  s e t  t o  zero.  S t a t i o n  t ines  of 
less than  5 minutes assumed no LRV eg res s .  

F igu re  4 shows t h e  Marius H i l l s  t r a v e r s e  which w a s  
s e l e c t e d .  I t  begins  by fo l lowing  t h e  western r e f e r e n c e  

t r a v e r s e j 4 )  d e p a r t s  from it by fo l lowing  t h e  narrow r i d g e ,  
b reaks  across t h e  p l a t e a u  p l a i n ,  and j o i n s  t h e  southern  t ra -  
verse over a s t e e p  s i d e d  dome back t o  t h e  LM. The corresponding 
Fra Mauro Formation traverse segments are marked on t h e  map i n  
F igure  4 and are desc r ibed  i n  m o r e  d e t a i l  i n  Table  3 .  For  
each segment, t h e  geo log ic  u n i t  a t  Marius H i l l s  i s  i d e n t i f i e d  
and t h e  corresponding t e r r a i n  type  des igna ted .  The segment 
shown matches t h a t  t e r r a i n  class.  The F r a  Mauro Formation 
map l e n g t h  of each segment w a s  measured and t h e  real  l e n g t h  
c a l c u l a t e d  us ing  a c o r r e c t i o n  f a c t o r  based on average s l o p e ,  
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crater d i s t r i b u t i o n ,  and block d i s t r i b u t i o n .  Segment 2 should 
be exe rc i sed  i n  f u l l  s u n l i g h t  wi th  r e f l e c t i o n  from t h e  h i l l  
and i n  f u l l  shadow. The s t a t i o n  t i m e s  f o r  t h e  analogue t ra -  
verse are shown i n  Table  4. The longer  s t a t i o n  t i m e s  i n  
segment 1 2  reflect  i n t e r e s t  i n  t h e  bulbous domes and narrow 
r i d g e ,  r a t h e r  t han  Fra  Mauro Formation geology, and t h e  t i m e s  
i n  segments 25 and 2 1  are based upon i n t e r e s t  i n  s t e e p  s i d e d  
domes and puncture  cones. 

The Copernicus Peaks t r a v e r s e  shown i n  F igure  5 e x a c t l y  
matches t h e  southern  r e f e r e n c e  t r a v e r s e  from Reference 4 .  The 
traverse segments are shown and desc r ibed  i n  m o r e  d e t a i l  i n  
Table  5. Segments 2 6 ,  2 7 ,  and 28 should be e x e r c i s e d  by t h e  
LRV i n  f u l l  s u n l i g h t  w i t h  sun r e f l e c t i n g  from t h e  peaks,  and 
i n  f u l l  shadow. Segment 1 6  i s  shown as a h i l l  a t  Copernicus 
Peaks and as craters i n  t h e  F ra  Mauro Formation. Therefore ,  
t h e  F r a  Mauro Formation topography should be i n v e r t e d  f o r  t h i s  
segment. S t a t i o n  t i m e s  are shown i n  Table 6 and t h e  long t i m e s  
i n d i c a t e d  f o r  s t a t i o n s  i n  segments 2 6 ,  2 7 ,  and 28 r e f l e c t  
i n t e n s i v e  i n v e s t i g a t i o n  of t h e  c e n t r a l  peak. I t  is  aga in  
impor tan t  t h a t  t h e  extended t i m e s  i n  t h e s e  segments be analyzed 
f o r  bo th  extreme l i g h t i n g  c o n d i t i o n s .  

The Hadley-Apennines traverse shown i n  F igure  6 d i f -  
f e r s  f r o m  t h o s e  p rev ious ly  planned i n  t h a t  t h e  LRV descends 
d i r e c t l y  down t h e  s i d e  of Hadley R i l l e  r a t h e r  t han  ga in ing  
e n t r y  by t h e  less s t e e p  elongate depres s ion .  The segments used 
are desc r ibed  i n  Table  7 .  Segments 2 3 ,  2 0 ,  and 1 9  should be 
exe rc i sed  i n  f u l l  s u n l i g h t ,  i n  f u l l  shadow, and f o r  s u n l i g h t  
on one w a l l  and shadow on t h e  o t h e r  w a l l  of t h e  r i l l e .  Any of 
t h e s e  c o n d i t i o n s  could be expected--or planned fo r - - in  t h e  
t r a v e r s e  i n t o  Hadley R i l l e .  The PSD d a t a  f o r  t h e s e  segments 
should a lso be modif ied as i n d i c a t e d  p rev ious ly .  The s t a t i o n  
t i m e s  i n d i c a t e d  i n  Table  8 r e f l e c t  t h e  e x t e n s i v e  s tudy  and 
sampling t o  be undertaken i n  t h e  r i l l e .  

SUMMARY 

These traverses are designed s p e c i f i c a l l y  t o  e x e r c i s e  
t h e  LRV under somewhat exaggera ted ,  a l though reasonably real- 
i s t i c  cond i t ions .  The purpose is  t o  e v a l u a t e  t h e  i n t e r a c t i o n  
of m u l t i p l e  f a c t o r s  f o r  t y p i c a l  t e r r a i n  and a c t i v i t y  sequences.  
The t r a v e r s e s  do n o t  n e c e s s a r i l y  r e p r e s e n t  a c t u a l  geo log ic  
a c t i v i t i e s  and do n o t  i nc lude  many of t h e  o p e r a t i o n a l  con- 
s i ra ints  which would normally l i m i t  t r a v e r s e  des ign .  The F ra  
Mauro Formation s i t e  w a s  chosen as a tes t  ground on ly  because 
of  t h e  a v a i l a b i l i t y  of d e t a i l e d  t e r r a i n  and t o p o l o g i c a l  data.  
Although t h i s  proved t o  be s i m i l a r  t o  J miss ion  s i tes ,  it 
bea r s  l i t t l e ,  i f  any, g e o l o g i c a l  s i m i l a r i t y .  
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It  i s  assumed t h a t  a l l  traverses w i l l  be e x e r c i s e d  
i n  both  d i r e c t i o n s  i n  o r d e r  t o  expose p o s s i b l e  margina l  LRV 
o p e r a t i o n  o r  t o  i n d i c a t e  areas of c a u t i o n  f o r  f u r t h e r  exami- 
n a t i o n .  Extremes of  l i g h t i n g  and t e r r a i n  c o n d i t i o n s  have been 

s i b l e  d e t r i m e n t a l  e f f e c t s .  Because t h e s e  are n o t  t h e  a c t u a l  
planned traverses, f a i l u r e  of t h e  LRV t o  complete any par-  
t i c u l a r  traverse should n o t  i n d i c a t e  a requirement  f o r  LRV 
mod i f i ca t ion .  Rather ,  it shows a n e c e s s i t y  f o r  r e -eva lua t ion  
t o  determine whether hardware r edes ign  i s  r e q u i r e d  o r  opera- 
t i o n a l  c o n s t r a i n t s  on t r a v e r s e  des ign  w i l l  s u f f i c e .  C e r t a i n l y ,  
exposing t h e s e  p o s s i b l e  o p e r a t i o n a l  c o n s t r a i n t s  should be a 
prime r e s u l t  of t h i s  s tudy .  

&. i n d i c a t e d  wherever t h e s e  might occur  i n  o r d e r  t o  e v a l u a t e  pos- 

J. W. Hea 2032-PB 
2 0 15- JWH-"' 
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TABLE 1 

TERRAIN T Y P E S  

S I T E  GEOLOGIC U N I T  TERRAIN TYPE 

MARIUS H I L L S  PLATEAU P L A I N S  SMOOTH MARE 
SMOOTH LOW DOMES HUMMOCKY UPLANDS 
BULBOUS DOMES 
NARROW RIDGE MATERIAL 
DEPRESSIONS 
S T E E P  S I D E D  DOMES ROUGH UPLANDS 
PUNCTURED CONES 

COPERNICUS PEAKS FLOOR MATERIAL, 
SMOOTH SMOOTH MARE 

FLOOR MATERIAL, 
TEXTURED ROUGH MARE 

H I L L S  AND HUMMOCKS HUMMOCKY UPLAND 
CENTRAL PEAKS ROUGH UPLAND 

HADLEY-APENNINES MARE MATERIAL SMOOTH MARE 
P I T T E D  P L A I N S  ROUGH MARE 
APENNINE BENCH 
FURROWED P L A I N S  HUMMOCKY UPLANDS 
SUBDUED RIDGE 
DOMICAL H I L L S  
HADLEY R I L L E  ROUGH UPLAND 
ELONGATE D E P R E S S I O N  
APENNINE RIDGE 



TABLE 2 

TERRAIN TYPE EQUIVALENTS FOR 
FRA MAURO SLOPE BASE M W  

TERRAIN TYPE EQUIVALENT MAP TERRAIN 

SMOOTH MARE 
ROUGH MARE 

HUMMOCKY UPLANDS 

ROUGH UPLANDS 

MAP TERRAIN 1 ( < S o )  
DOMINANTLY MAP TERRAIN 1 ( < s o )  

WITH PORTIONS OF MAP TERRAIN 
2 (6-10') 

AND 3 (11-20') 
COMBINATIONS OF MAP TERRAIN 2 

DOMINANTLY MAP TERRAIN 3 (11-20') 
WITH SOME MAP TERRAIN 4 (> 20' ) 
AND SOME MAP TERRAIN 2 (6-10') 



TABLE 3 

ANALOGUE MARIUS H I L L S  TRAVERSE 

MAP REAL 
SEGMENT UNIT/TERRAIN* LENGTH LENGTH 

(KM) 

1 PP/SM 1 . 9  2.2 

11 LD/HU 1 . 8  2.2 

24  BD-PC/RU 1.4 1.6 

5 PP/SM 2.4 2.8 

1 2  NR-BD/HU 

4 PP/SM 

2 5  SD/RU 

2 1  SD-PC/RU 

2 PP/SM 

* GEOLOGIC U N I T S :  

PP = PLATEAU P L A I N S  

LD = LOW SMOOTH DOMES 

BD = BULBOUS DOMES 

PC = PUNCTURED CONES 

NR = NARROW R I D G E  MATERIAL 

S D  = STEEP S I D E D  DOMES 

TERRAIN. T Y P E S :  

SM = SMOOTH MARE 

1.9 2.3 

2.3 2.7 

1 .8  2.0 

1 .4  1 . 6  

2.3 2.7 

REAL 
LENGTH 

SUM 
(KM) 

2.2 

4.4 

6.0 

8.8 

11.1 

13.8  

15 .8  

17.4 

2 0 . 1  

HU HUMMOCKY UPLANDS 

RU = ROUGH UPLANDS 



SEGMENT 

1 

11 

2 4  

5 

1 2  

4 

25 

2 1  

2 

TABLE 4 

ANALOGUE MARIUS H I L L S  TRAVERSE STATIONS 

TIME 
U N I T  STATION (MIN) 

PP A 0 . 0  

PP B 2.0 

PP-SD C 10.0 

LD Y 0 . 0  

LD Z 5.0 

LD A '  2.0 

BD-PC X '  1 0 . 0  

BD-PC Y '  5.0  

PP J 2.0 

PP K 1 .0  

NR-BD B '  20.0 

NR-BD C '  10.0 

PP G 5.0 

PP H 2.0 

S D  Z '  15.0 

S D  A " 20.0 

SD-PC S '  20.0 

PP C 0.0 

PP 

PP 

D 

E 

10.0 

0.0 

CUMULATIVE 
TIME 

0:00 

0:02 

0:12 

0:12 

0:17 

0:19 

0:29 

0:34 

0:36 

0:37 

0:57 

1 :07  

1 :12  

1 :14  

1 : 2 9  

1 : 4 9  

2:09 

2 :09 

2:19 

2:19 



TABLE 5 

SEGMENT 

6 

10 

9 

26 

2 7  

28 

8 

1 3  

7 

1 6 * *  

3 

ANALOGUE COPERNICUS PEAKS TRAVERSE 

UNIT/TERRAIN* 

TF/RM 

TF/RM 

TF/RM 

CP/RU 

CP/RU 

CP/RU 

TF/RM 

H/HU 

TF/RM 

H/HU 

SF/SM 

*GEOLOGIC U N I T S :  

TF = TEXTURED FLOOR MATERIAL 

C P  = CENTRAL PEAK MATERIAL 

H = H I L L S  AND HUMMOCKS 

SF = SMOOTH FLOOR MATERIAL 

TERRAIN T Y P E S  : 

SM = SMOOTH MARE 

RM = ROUGH MARE 

HU = HUMMOCKY UPLANDS 

RU = ROUGH UPLANDS 

MAP 
LENGTH 

2.3 

2.4 

1 .9  

1.0 

0.7 

0.8 

1 .8  

0.8 

2.0 

1.2 

1.8 

REAL 
LENGTH 

2.7 

2.8 

2.2 

1.1 

0.8 

0.9 

2.2 

1.0 

2.3 

1.5 

2.0 

REAL 
LENGTH 

SUM . 

(KM) 

2.7 

5.5 

7.9 

9.0 

9.8 

10 .7  

12 .9  

13.9 

16 .2  

17.7 

19.7 

**INVERT TOPOGRAPHY 



ANALOGUE COPERNICUS PEAKS TRAVERSE STATIONS 

SEGMENT UNIT 
TIME 

STATION ( M I N I  

6 T F  L 0.0 

T F  M 5 .0  

TF  N 0.0 

1 0  T F  V 0 .0  

TF  

T F  

W 

X 

5.0 

0.0 

9 T F  T 0 . 0  

T F  U 5.0 

26 CP B 'I 30.0 

27 CP C " 45.0 

28 CP D '' 30.0 

8 T F  

TF  

R 

S 

20.0 

0.0 

13 H D' 10.0 

7 T F  

TF 

1 6  H 

H 

P 0 .0  

Q 2.0 

G' 10.0 

H '  15.0 

.3 SF F 3.0 

CUMULATIVE 
TIME 

0:00 

0:05 

0:05 

0:05 

0:lO 

0:10 

0:10 

0:15 

0:45 

1:30 

2:00 

2:20 

2:20 

2:30 

2:30 

2:32 

2:42 

2:57 

3:OO 



TABLE 7 

ANALOGUE HADLEY-APENNINE TRAVERSE 

MAP REAL 
SEGMENT UNIT/TERRAIN* LENGTH LENGTH 

(KM) (KM) 

4 IM/SM 2.7 2.7 

18 DH/HU 1.7 4.4 

23 JR/RU 1.4 5.8 

20 SR/RU 2.8 8.6 

19 ED/RU 

3 SP/SM 

17 FP/HU 

14 FP/HU 

8 PP/RM 

10 AB/RM 

1.1 9.7 

2.0 11.7 

0.8 12.5 

0.8 13.3 

2.2 15.5 

2.8 18.3 

2.2 15.5 

2.8 18.3 

5 IM/SM 2.8 21.1 

*GEOLOGIC UNITS: 

IM = IMBRIAN MARE MATERIAL 

DH = DOMICAL HILL MATERIAL 

SR = SINUOUS RILLE MATERIAL 

ED = ELONGATE DEPRESSION MATERIAL 

SP = SMOOTH PLAINS MATERIAL 

FP = FURROWED PLAINS MATERIAL 

PP = PITTED PLAINS MATERIAL 

AB = APENNINE BENCH MATERIAL 

TERRAIN TYPES : 

SM = SMOOTH MARE 

RM = ROUGH MARE 

REAL 
LENGTH 
SUM 
(KM) 

2.3 

1.4 

1.2 

2.5 

1.0 

1.8 

0.7 

0.7 

1.8 

2.4 

2.4 

HU = HUMMOCKY UPLANDS 

RU = ROUGH UPLANDS 



TABLE 8 

ANALOGUE HADLEY-APENNINE TRAVERSE STATIONS 

TIME 
UNIT STATION (MIMI 

CUMULATIVE 
TIME SEGMENT 

4 IM G 5.0 

H 5.0 

K' 10.0 

0:lO 

18 0:20 

0:30 

DH 

SR 

SR 

L' 10.0 

V' 30.0 

W' 5.0 

23 l:oo 

1:05 

20 N' 5.0 

P' 20.0 

1:lO 

1:30 

Q' 5.0 

R' 30.0 

1:35 

2:05 

M' 0.0 

F 5.0 

2:05 19 

3 

17 

14 

8 

ED 

SP 

FP 

FP 

PP 

2:lO 

J' 5.0 

E' 15.0 

2:15 

2:30 

S 0.0 2:30 

2:35 

2 :45 

2:55 

2:57 

3:OO 

3:OO 

R 5.0 

10 PP-AB V 10.0 

W 10.0 

X 2.0 

5 IM J 3.0 

K 0.0 
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